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Editor: Scott F. Midkiff ■ Virginia Tech ■ midkiff@vt.edu Education & Training I n 1999, I witnessed three major road accidents-all caused by people who were generally careful drivers and knew the highways on which the accidents took place like the back of their hands. It was hard to believe that these people were no more. These unfortunate events, however, worked as catalysts in reviving my research on pervasive and wearable computing systems that could have reduced the possibility of such a loss of lives. In turn, this led to the establishment of a wearable computing research initiative at the Birla Institute of Technology & Science almost a year and a half later in 2001. Christened "Project BITS-WearComp," we hoped this project would serve as an umbrella initiative leading to the creation of specialized systems aimed to be hardly noticeable to their wearers.
For example, in one resulting project, BITS-LifeGuard, the wearable computer would provide reasonably good protection against accidents by being part of the vehicle's larger pervasive computing system, with a real-time operating system interacting with a sensor network made up of numerous embedded wired and wireless sensors. The driver's wearable computing system would, when needed, communicate wirelessly via Bluetooth with the vehicular computer. This computer would assist the wearable system by providing it with required information (such as GPS and GIS data) and by taking control of the vehicle if the wearable system diagnosed the driver as unfit, bringing the car to a safe halt with due signals as per its embedded traffic rules. If this failed to prevent an accident, the pervasive computing system assisted by the wearable and vehicular computers would communicate accident details such as coordinates, location, driver, and vehicle with preregistered agencies using cellular communication (preferably third generation) with native IPv6 (Internet Protocol version 6) support.
Because such an ambitious project would require ongoing support from experienced students, I surveyed BITS' readily available graduate courses in computer science (CS) and software systems (SS) for something that would supply this target group. Because no single course existed at that time that would train my prospective researchers and practitioners, I conceptualized a full four-unit course with the title "Pervasive Computing."
GETTING STARTED
After an initial trial run with a handful of students in early 2003, I collected feedback from the students and from the computer science group. The positive feedback led to the group's decision to convert the course into a regular require- In a nutshell, the course (see the "Quick Facts" sidebar) is basically about emerging, visible and invisible computing systems and devices. Pervasive computing has many names, including ubiquitous computing, and its key element is the omnipresence of information devices. These devices can be embedded into cars, airplanes, ships, bikes, posters, signboards, walls, and even clothes. The course therefore focuses on independent information devices, including wearable computers, mobile phones, screen phones, and PDAs, and the services made available by them. It includes the study of computer and network architectures for pervasive computing, mobile computing, human-computer interaction using speech and vision, pervasive software systems, and experimental pervasive computing systems.
From
We offer the course to two distinct categories of graduate students: fulltime students majoring in the CS and SS tracks and continuing-education students (select sponsored employees of various industries and research laboratories, who are qualified working engineers). Many students register in the continuing-education program, which offers credit-based, specially designed programs. To maintain equal levels of rigor and material, the full-time and continuing-education students' handouts have the same contents. However, although the same team of instructors teaches both groups of students, the delivery of instruction and modes of administering evaluation components and their frequency can vary as the differing circumstances demand. For instance, on-campus students have surprise quizzes, whereas the continuing-education students have this weight added to their mid-semester evaluation component.
For the on-campus students, we deliver regular lectures on alternate days. These lectures are interspersed with out-of-the-classroom discussion sessions and case studies from subprojects within Project BITS-WearComp (see the "Related Projects & Resources" sidebar") and from research labs such as Hewlett-Packard (Cool Town project), the Massachusetts Institute of Technology (Project Oxygen), Stanford University (Lifeguard project for pilots), and IBM Research (various pervasive and autonomic computing experiments).
COURSE COMPONENTS
Unlike most other Indian universities, at BITS-Pilani, students choose These ongoing BITS research projects contribute to the students' learning about hardware and software design trade-offs as well as about network and operating system complexities that might affect pervasive computing system performance. Also listed here are the course's required reading texts.
BITS research projects
• BITS-LifeGuard (hardware and software aspects of wearable and environment-embedded sensory and compute nodes). This project, as described in the introduction, is intended to save loss of human lives caused by slow reflexes due to possible physical and mental factors. This was the first major research project that arose under the umbrella of Project BITS-WearComp. See http://discovery.bits-pilani.ac.in/rahul/ BITS-WearComp-Position-Paper.pdf.
• Grid-One (software). This long-term project involves the specification, design, implementation, and large-scale deployment of IPv6-QoS-aware grid computing services over large networks securely. See http://discovery.bits-pilani.ac.in/rahul/C8RahulBanerjee.pdf.
• IPv6@BITS (software). This project aims at bringing in India's technical excellence to lead in building the next generation of Internet design, research, and development. See http:// ipv6.bits-pilani.ac.in.
• NGNi-IPv6-QoS (software Topics covered range from fundamental concepts and architectures specific to pervasive computing to various physical devices (including mobile computing devices and sensors with computing abilities), protocols, service models, operating systems (embedded and real-time included), communication systems, power provisioning, form factor issues, safety and security aspects, design, implementation, and deployment methods. (The course Web site has a detailed list of the topics covered: http://discovery.bitspilani.ac.in/ rahul/PervasiveComputing/index.htm.) The course focuses on developing the students' ability to appreciate and understand existing and evolving pervasive computing technologies. It also aims to give them the ability to design, build, and deploy customized solutions for various specialized requirements based on their domain of expertise and anticipated or existing work profiles. As such, the grading reflects these emphases. Grades were based on students' performance on • Three variants of numerous HP iPAQ PDAs using different processors from Intel (XScale) and Texas Instruments;
• Several Pocket PC Phones running Microsoft Windows Mobile OS, Pocket PC Phone Edition, or Microsoft Win CE;
• Numerous IEEE 802.11x network interfaces, Bluetooth interfaces, and adapters;
• An IEEE 802.11x access point and wireless gateway (D-Link);
• Gigabit and 100 Mbps Ethernet interfaces;
• Multilayer Ethernet switches (Cisco);
• Several miniature webcams and digicams (Logitech, Kodak, UMAX);
• Various software development kits and simulators; and
• Support for variants of Java, Microsoft C#, and C++, among others.
LABORATORY SETUP
Members of the technical staff administering back-end services at the Media Laboratory's (another wing of the Centre for Software Development at BITSPilani) server farm.
RESEARCH ASSIGNMENTS
I structured the course to encourage learning from a combination of innovative design assignments. These assignments focused on material on the syllabus covered by that time and on a critical analysis of published research papers on specific themes. Assignments varied depending on class size and the difficulty of the problems assigned and could involve both hands-on work and written reports. For one course, I put students into groups of two and assigned them two to four assignments; for another, I assigned individual students a single large problem. The time given the students also depended on the problem: from 15 days to a month, for instance. These research assignments led to the subsequent conceptualization, design, and development of systems such as BITS-Health-Pro Plus, a product providing location-aware, mobility-enabled client health assistance.
CS majors were required to give seminar deliveries-in-depth literature survey, analysis, and application of learnt concepts of a problem mutually selected by the student-teacher team. This written report is defended in the presence of a peer group. Additionally, the course encourages students to form small, informal groups to carry out unstructured experiments in our fully equipped research laboratory (see the "Laboratory Setup" sidebar for details). I also encourage students to take part in theoretical post-facto analysis of events of interest.
A s of this writing, both the Pervasive Computing course and the research program inspiring it are in their early stages of evolution. To assess these initiatives' real impact, we might have to wait a few more years, by which time some of the expected outcomes will have taken a more concrete shape. It's my hope that ultimately this course will give the people involved the satisfaction of knowing that they're helping to better the quality of human lives.
ACKNOWLEDGMENTS
This course came into existence due to active support from several people-mostly my own graduate students and many colleagues both inside and outside the Centre for Software Development. I especially thank Praveen K.R., Venkatesan V., Kalyan Sundaram, Adhyas Awasthi, Ram Sharan Prajapati, Inderbir Pal Singh, Rajiv Ranjan Singh, Swati Keskar, B.R. Natarajan, and S. Balasubramaniam. An initial financial grant from Microsoft Research helped us expand the CSD's research and existing facilities for the course. 
EDUCATION & TRAINING E D U C A T I O N & T R A I N I N G

